Background: Invasive apocrine adenocarcinoma (AAC) of breast is a rare histopathological subtype of breast carcinomas. We aim to investigate the different characteristics and prognostic outcomes between AAC and invasive ductal carcinoma (IDC) of breast cancer.
INTRODUCTION
Invasive apocrine adenocarcinoma (AAC) of breast is a rare histopathologically defined subtype of breast carcinoma, which is morphologically characterized by abundant eosinophilic and granular cytoplasm, large nuclei with prominent nucleoli, and distinctive cell membrane by hematoxylin and eosin (H&E) staining [1] . Furthermore, they tend to exhibit a characteristic hormone receptor profile: estrogen receptor (ER)-negative, progesterone receptor (PR)-negative and androgen receptor (AR)-positive, either human epidermal growth factor receptor-2 (HER2)-positive or (epidermal growth factor receptor) EGFR-positive [1] [2] [3] . Although the immunohistochemical characteristics are helpful for the proper recognition of the apocrine carcinomas, the presence of malignant apocrine cells in more than 90% of the tumor population strictly defines AAC of breast [4] .
According to reported data, invasive ductal carcinoma (IDC, non-specific type, NST) and invasive lobular carcinoma account for about 75% and 15% of all invasive breast carcinoma, respectively [5] . Nevertheless, AAC constitutes between 0.3 and 4% of invasive breast carcinoma [4, [6] [7] [8] . Due to rarity of this entity of breast
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cancer, clinicopathological characteristics and prognoses of patients with AAC were only reported in limited number of studies: either case reports or studies recruiting a small number of patients. Consequently, the available data are sometimes contradictory. In addition, the prognostic values of demographic and clinicopathological characteristics in AAC therefore remain unclear. Matsuo et al. reported patients with AAC were older than those with IDC [9] . However, they only involved 12 patients in their study. Tanaka et al. found lower frequency of axillary nodal involvement in AAC compared to IDC [10] ; while Dreyer et al. showed 7 out of 14 apocrine breast carcinomas with positive lymph node status [11] . With respect to prognosis, some of these studies indicated better prognosis in AAC than IDC patients [12] [13] [14] [15] ; while in some other studies, no significant difference or even poor survival outcome of AAC was detected compared to non-AAC [7, 10, [16] [17] [18] [19] [20] . Considering the absence of comprehensive understanding of AAC, AAC managements are currently based on evidence from studies of IDC, which sometimes may be inappropriate. Identifying the prognostic factors of AAC would help to acquire a better knowledge of the disease and make better therapeutic guidelines. Therefore, it is of great importance to clarify the clinicopathological characteristics and prognostic factors of AAC in a large population.
To gain better knowledge of clinicopathological characteristics and prognostic differences between AAC and IDC, we conducted the present study utilizing the Surveillance, Epidemiology, and End Results (SEER) database. In all, 840 patients with AAC were collected in our study, which contained the largest number of AAC patients compared to other published studies to our best knowledge. We aimed at determining the prognostic factors that may account for survival differences between these two histological subtypes of breast cancer.
RESULTS

Demographics and clinical characteristics of study population
A total of 260,596 patients met the eligibility criteria for our study, including 840 (0.32%) AAC patients and 259,756 (99.68%) IDC patients. The demographics, tumor and treatment type characteristics were summarized and compared between the two cohorts in Table 1 . Significant differences were found in demographics including age and race, tumor characteristics including grade, tumor size, LN status, AJCC stage, ER status, PR status and HER2 status and treatment including surgery type and radiation by comparing the two histological subtypes. AAC patients showed an older age at diagnosis (50-79 years, 81.1% vs. 70.9%, respectively; p < 0.001) and tended to have a significantly lower proportion of white race (75.6% vs. 79.1%, respectively; p = 0.013) than IDC patients.
AAC patients presented more frequently with larger tumors (tumor size > 5 cm, 7.4% vs. 5.0%, respectively; p < 0.001) and more grade II and III+UD tumors, namely poorly differentiated tumors (grade II: 46.4% vs. 39.3%; grade III+UD: 43.2% vs. 39.3%, respectively; p < 0.001). In addition, the rate of positive LN in AAC patients is higher than that in IDC patients (37.4% vs. 32.3%, respectively; p = 0.001). Collectively, it comes naturally that AJCC stage III patients account for higher proportion in AAC patients than in IDC patients (17.6% vs. 12.3%, respectively; p < 0.001). A larger proportion of AAC patients were detected with negative ER status (70.1% vs. 22.8%, respectively; p < 0.001) and negative PR status (76.8% vs. 32.9%, respectively; p < 0.001) than IDC patients. However, morepositive HER2 (7.6 vs. 6.8%, respectively; p < 0.001) status was shown in AAC patients than in IDC patients. Treatment also diverged between both groups. Breast conservation surgery (BCS) and adjuvant radiotherapy were less often applied on AAC patients than IDC patients (55.0% vs. 60.1%, respectively; p = 0.011. 52.4% vs. 56.9%, respectively; p = 0.026).
Comparison of survival between IDC and AAC patients
Kaplan-Meier plots were used to evaluate overall survival (OS) and disease-specific survival (DSS) in these two histological subtypes ( Figure 1 ). As the plots illustrated, OS and DSS were both worse in ACC patients (p = 0.006, p = 0.012 respectively) than in IDC patients. In order to further investigate the effects of prognostic factors of OS and DSS, a multivariate analysis by Cox proportional hazards model was performed (Table 2) . For both DSS and OS, the multivariate analysis validated that older age at diagnosis, black race, not married status, grade II /III and UD, tumor size > 2 cm, positive lymph node status were associated with poor outcomes, while ER positivity and PR positivity, BCS and radiation were protective factors for DSS. However, AAC histology was found not to be an independent prognostic factor after multivariate analysis in Cox proportional hazard model (AAC vs. IDC, HR = 0.834, 95% CI = 0.695-1.002, p = 0.052 (OS); HR = 0.800, 95% CI = 0.639-1.001, p = 0.051 (DSS); respectively).
Survival analysis in matched groups
To ensure that baseline differences in demographics and clinical characteristics across the two histological subtypes do not account for the outcome discrepancies, we carried out a 1:1 (IDC/AAC) matched case-control analysis using the propensity score matching method. A group of 1,680 patients were obtained, including 840 patients for each histological type (Table 3 ). In the matched groups, only tumor grade (p < 0.001) and tumor size (p = 0.034) were significantly different between AAC patients and IDC patients. Furthermore, no significant difference (Figure 2 ).
Subgroup analysis
In subgroup analysis of both OS and DSS, prognosis for patients with older age at diagnosis, white race and married status were worse in AAC histological type than in IDC type (AAC vs. IDC, for older age, HR = 1.252, 95% CI = 1.028-1.525 (OS); HR = 1.347, 95% CI = 1.045-1.736 (DSS); for white race, HR = 1.332, 95% CI = 1.078-1.646 (OS); HR = 1.392, 95% CI = 1.071-1.810 (DSS); for married status, HR = 1.363, 95% CI = 1.060-1.752 (OS); HR = 1.388, 95% CI = 1.028-1.872 (DSS)) (Table 4) . Similarly, in subgroup of well differentiated diseases, AAC patients also showed poor prognosis than IDC patients 
Stratification analysis with molecular subtype
Aiming to investigate the role of molecular subtype on breast cancer outcomes between AAC and IDC patients, a multivariate analysis stratified by molecular subtype was performed. As shown in Table 5 
DISCUSSION
Apocrine carcinoma is a very rare and unique neoplasm of the breast, which is a morphologically distinct type from IDC. As it accounts for very small amount of all breast cancer, a large population is needed to obtain a sufficient number of patients with the relatively rare tumors. Therefore, we retrospectively investigated the clinicopathological and prognostic features of AAC in SEER database. Our findings indicated that AAC had unique clinicopathological characteristics and it tended to be a more aggressive type than IDC. Consistently, OS and DSS were both worse in ACC patients than in IDC patients with Kaplan-Meier analysis. Nevertheless, AAC patients presented similar survival outcomes in both OS and DSS to IDC after matching baseline characteristics. AAC histology was found not to be an independent prognostic factor after multivariate analysis in Cox proportional hazard model either. Further subgroup analysis indicated that AJCC stage, ER status, PR status and HER2 status may be principal confounders for AAC prognosis.
To our best knowledge, this study contained the largest number of patients compared to other published studies. We summarized both demographic and clinicopathological characteristics of AAC and found that this unique histological type was associated with an older age, lower proportion of white race, a larger tumor size, a higher grade, more positive LNs, an aggressive stage, lower ER and PR proportions, and higher HER2 amplification rates than that of IDC. As for the treatment strategies, AAC patients were less likely to be treated with breast-conserving surgery and adjuvant radiotherapy. These observations were partially in concordance with previous studies. Matsuo et al. reported that in patients with AAC, older age and postmenopausal status were observed more frequently than in those with IDC [9] . The study of Tanaka et al. and Dreyer et al. also confirmed that the patients with AAC were older [10, 11] . However, no significant difference with regard to menopausal status was observed between the two groups [10] . According to some literatures, AAC showed some non-aggressive behavior: axillary lymph node metastasis varies from < 1% to 4% [2] . Tanaka et al. also reported the proportion of AAC with LN metastasis and lymphatic invasion were significantly lower in the AAC patients than in the IDC patients [10] . In contrast, Dreyer et al. showed 7 out of 14 apocrine breast carcinomas with positive lymph node status [11] and Choi et al. reported the rage of lymph node metastasis was highest in the molecular apocrine type, although not statistically significant [21] . The inconsistence might be due to the heterogeneity of cohort since the study only involved very small number of patients.
Apocrine differentiation is generally inversely correlated with the expression of ER and PR but shows strong expression of the AR and HER2 or EGFR [3, 14, 22] . Moreover, expression of GCDFP-15 and CK20 is reported [23, 24] . In our present study, lower ER and PR proportions of AAC were reported. Consistently, several studies showed parallel results that the percentage of ER and PR receptor negativity was higher in the AAC group than in the IDC group [10, 17] . In addition, more positive HER2 status was shown in AAC patients than in IDC patients (7.6% vs. 6.8%, respectively; p < 0.001), which was consistent with others' results [25] . Besides, some reported AAC was found very frequently in the triplenegative breast cancer (TNBC) group [17] .
Most of previous studies revealed that AAC had a similar or more favorable prognosis when compared with IDC [8, 10, [15] [16] [17] [18] . For example, Tanaka et al. reported 12% patients with AAC and 15% patients with IDC had experienced recurrences, while 5% patients with AAC and 8% patients with IDC died of recurrent breast cancer after a median follow-up period of 49 months. No significant differences in the relapse-free survival (p = 0.83) and overall survival (p = 0.75) rates were observed between the two groups [10] . Furthermore, Takeuchi et al. demonstrated the clinicopathological factors influencing 12-year survival rate were lymph node metastasis, lymphatic involvement and vascular involvement [17] . Although AAC and IDC had different clinicopathological characteristics, there was no difference in survival rates at 10 years after operation between AAC and non-AAC patients [17] . In the present study, we observed that OS and DSS were both worse in ACC patients than in IDC patients. Nevertheless, AAC patients presented similar survival outcomes in both OS and DSS to IDC when each AAC was matched with one IDC according to the most important prognostic parameters: age at diagnosis, 0.005 AJCC = American Joint Committee on Cancer, AAC = apocrine adenocarcinoma, IDC = infiltrating ductal carcinoma, ER = estrogen receptor, PR = progesterone receptor, HER2 = human epidermal growth factor receptor 2, LN = lymph node, BCS = breast conserving surgery, HR = hazard ratio, CI = confidence interval, DSS = disease-specific survival, OS = overall survival. pathological grade, tumor size, regional nodal status, ER status, PR status, HER2 status, treatment strategies and so on. Additionally, AAC histology was found not to be an independent prognostic factor after multivariate analysis in Cox proportional hazard model either. Interestingly, Nagao et al. reported AAC responded poorly to neoadjuvant chemotherapy (NAC). Despite their poor response to NAC treatment, patients with AAC was reported to have a good prognosis [15] . In accordance, Aoyagi et al. and Japaze et al. also reported that a significantly better outcome was observed in patients with AAC [12, 13] .
In order to investigate the role of molecular subtype on prognoses between AAC and IDC patients, a multivariate analysis stratified by molecular subtype was performed as well. Interestingly, TN-AAC patients presented better DSS and OS outcomes than TN-IDC patients (p = 0.024). These results were in accordance with the findings of Iwase et al. and Choi et al. that AAC had better prognosis than non-AAC among TN breast cancers [21, 26] . Thus Iwase et al. suggested AAC should be regarded as different from the more common basal-like breast cancer [26] . Other studies suggested no significant differences if AAC compared with ductal carcinomas [20] . Notably, some of the histological subgroups contained insufficient numbers in order to draw firm conclusions [11] .
The results of this study have several therapeutic implications. Since histological type was not an independent prognostic factor in the multivariate analysis, treatment guidelines do not need to be specified made based on this rare entity. Furthermore, since the subgroup analyses suggested that AJCC stage, ER status, PR status and HER2 status are the principal confounders for AAC prognosis; doctors should take more account of these prognostic indicators other than histological types.
Considering the similar prognostic outcomes of AAC to IDC, the existence of AAC of the breast as a distinct clinicopathological entity is debatable [27] . One strong reason for a designation of AAC is the identification of a subgroup of breast carcinomas that appear to have a unique response to androgen stimuli [28] . As an ER-positive breast cancer may benefit from estrogen deprivation treatment, some studies demonstrates that an AR-expressing AAC may respond to androgen deprivation [27] . It highlights the importance of further research elucidating the AR pathway in AAC, for which androgen represents the known steroid hormone stimulating tumor growth [29] .
Inevitably, our study has several limitations. It has been widely accepted that AAC shows a characteristic steroid receptor profile: ER negative, PR negative, AR positive, and HER-2 or EGFR positive [25] . However, the status of HER-2 expression was not available until 2010 in SEER database. The status of AR and EGFR were not essential criteria for the diagnosis of AAC, therefore their expression were not recorded routinely in SEER database. Additionally, information regarding adjuvant chemotherapy and adjuvant endocrine therapy is absent from SEER database, which are both important prognostic factors for breast cancer. Other clinical parameters, like body mass index (BMI), age at first birth, family history Reference AAC = apocrine adenocarcinoma, IDC = infiltrating ductal carcinoma, HER2 = human epidermal growth factor receptor 2, HR = hormone receptor, HR = hazard ratio, CI = confidence interval, DSS = disease-specific survival, OS = overall survival. a P-value was determined by univariate Cox proportional hazard regression model. of breast cancer as well as Eastern Cooperative Oncology Group (ECOG) scores need further investigation when these data are available in the future.
Collectively, we investigated a large population of patients with AAC and indicated that this rare histological type had unique clinicopathological characteristics and it tended to be a more aggressive type than that were observed in IDC patients. However, the worse prognosis was attenuated after adjusting for demographic and clinicopathological factors in the multivariate analysis. These results not only improve our understanding of the clinicopathological and prognostic features of this rare entity but also provide more convincing therapeutic guidelines for AAC of breast cancer patients.
MATERIALS AND METHODS
Ethics statement
We used National Cancer Institute's SEER data research files released in Nov 2015, which includes cancer registries covering 28% of the U.S. population. The data released by the SEER database do not require informed patient consent since cancer is a reportable disease in the United States. We obtained the permission to access the SEER database with the ID number 10444-Nov2015 via Internet access method. Our study was approved by the Ethical Committee of Shandong University.
Patients selection
In order to identify eligible patients, we use the inclusion criteria as follows: female aged between 18 and 79, unilateral breast cancer, breast cancer (ICD-O-3 site code C50) as the first and only cancer diagnosis, diagnosis not obtained from a death certificate or autopsy, pathologic confirmation of infiltrating ductal carcinoma (IDC), not otherwise specified (ICD-O-3 8500/3) and apocrine adenocarcinoma (AAC) (ICD-O-3 8401/3)with invasion (behavior codeICD-O-3 malignant), known ER and PR statuses, American Joint Committee on Cancer (AJCC) stages I-III, and diagnosis from January 1, 2003 to December 31, 2013. We use the SEER*stat version 8.3.2 to generate a case-listing file. Finally, a total of 260,596 patients were included in our study. Of these patients, 840 were diagnosed with AAC and 259,756 with IDC.
Demographic characteristics included age at diagnosis, race, and marital status. We treated age at diagnosis as a binary variable classified into two groups: 18-49 years and 50-79 years. Tumor statistics included laterality, histological grade, tumor size, regional lymph node (LN) status, AJCC stage, ER status, PR status, and HER2 status. The evaluations of ER, PR as well as HER2 status were based on the guidelines from the American Society of Clinical Oncology (ASCO) and College of American Pathologists (CAP). Among those variables, known tumor size was treated as a categorical variable classified into the following groups: ≤ 2 cm, > 2 cm and ≤ 5 cm, or >5 cm. Due to the limitation of the SEER data files, HER2 status was only available until 2010 for both subtypes.
Statistical analysis
Clinicopathological characteristics were compared between groups using Pearson's Chi-square test. Survival curves were generated using the Kaplan-Meier method, and differences between curves were analyzed with logrank test. Multivariate Cox proportional hazard model was applied to estimate the association of covariates with overall survival (OS) and disease-specific survival (DSS). Subgroup analyses using univariate Cox proportional hazard model estimated the HRs of AAC versus IDC, and a forest plot was created to better present each prognostic factor's effect on OS and DSS. Hazard ratios (HRs) and 95% confidential intervals (CIs) were reported. These above statistical analyses were performed with SPSS version 18.0 (IBM SPSS Statistics, Chicago, IL, US).
To account for differences in baseline characteristics between groups, we matched 1 AAC patient with 1 IDC patient using the following predetermined factors: age at diagnosis, race, marital status, laterality, pathological grade, tumor size, regional LN status, AJCC stage, ER status, PR status, HER2 status, surgery type and radiation type. We utilized psmatch2 code in Stata version 12.0 (StataCorp, College Station, TX, US), which was designed for the propensity score matching method and to test the matching quality for the balance of the match. Two-sided p-value < 0.05 was considered as statistically significant.
